Hereford (AH) and 15 Brahman x Hereford (BH) F1 cows each were placed on native rangeland (NR) or native rangeland-complementary forage (NRCF) systems. The NR was 8.1 ha of sagebrush-mixed prairie per cow-calf unit and the NRCF used the same mixed prairie complemented by .4 ha of double-cropped winter wheat and summer annual forage replacing about 30% of the mixed prairie for each cow unit. Calving seasons, spring for NR and fall for NRCF, were selected to complement the respective forage systems. Cow weights, reproductive performance, and population demographics were measured through seven calf crops to investigate their relationship to forage systems and cow breed types. Seasonal average cow weights increased from 484 k 7 ( S E ) kg during calf crop 1 to a peak weight of 568 -t 8 kg at calf crop 5.
Introduction
Selection of the appropriate breed or breed combination is key to increasing the efficiency of beef production (McCarter et al., 1991) under various climatic and management environments (Peacock et al., 1979) . Breed types can be a major source of variation in the reproductive life span of beef-type cows in dry, temperate climates (Bailey, 1991) . Interactions between genotype and environment can be important in determining the production response of grazing cattle (Schneider and Flatt, 1975; Holloway et al., 1985) . Jenkins et al. (1991) found that those J. Anim. Sci. 1993 . 71:1704 -1711 dams producing the heaviest calves generally required more energy to maintain BW and that increased production was more than offset by greater feed requirements. They concluded that cows of moderate size and milk production were potentially more efficient than larger cows.
Population demographics such as birth and death rates, longevity, and life history of production (Schons et al., 1985) can be responsive to environmental conditions and variations in management practices (Nadkarni et al., 1983) . Improved forage-beef production systems adapted to the environment and to management are needed to ensure a dependable supply of efficiently produced lean beef from rangeland and pasture resources.
The purpose of this study was to determine the effect of forage system on cow weight, reproductive performance, and herd demographics of Angus x Hereford (AH) and Brahman x Hereford (BH) F1 cow herds grazing native rangeland (NR) or native rangeland-complementary forage systems ( NRCF) in the Southern Plains. Specifically, the objective was to Table 1 . Monthly precipitation (mm) at the Southern Plains Experimental Range during the native rangeland and native rangeland-complementary forage systems studies between 1980 and 1989 near Woodward, Oklahoma determine the relationship of type of forage system to the growth and development of the cows, mature cow size, length of gestation, and production of offspring.
Materials and Methods
The Resource. The study was conducted on the mixed-grass prairie at the Southern Plains Experimental Range ( SPER) . Average annual precipitation is 575 mm. During the study, 1980 to 1988, annual precipitation at the SPER averaged 596 mm and ranged from 416 mm in 1984 to 855 mm in 1987 (Table 1) . Average monthly temperatures during the same period ranged from 1°C in January to approximately 27°C in June, July, and August. The vegetation of the study sites is a sagebrush-mixed prairie (Collins et al., 1987; Berg, 1993) with sand sagebrush (Artemisia filifolia Torr.) as the visual dominant (Parker and Savage, 1944 Table 2 ) . Two of these 30-animal lots were randomly assigned to either NR or NRCF management systems. Each herd was established at 30 animals, no replacement heifers were reproduced from the terminal crossbreeding with Red Poll or Simmental sires, and only two to three extra replacement animals were available in a reserve herd for each breed. The cattle were from wellestablished herds of consistent genetic background and were above average in productivity and performance traits for the respective crossbred groups. The BH heifers were obtained from the Indian Creek Ranch, Palestine, TX. The BH heifers were mates to the BH F1 bulls used by Bolton et al. (1987) in the genotype x environment interaction studies in the Oklahoma tallgrass prairie. Calving season was selected to complement the respective forage systems. Spring calving, generally recommended for native rangeland systems, was used in the NR system to time the lactation period with the period of greatest forage nutrient production. Fall calving was selected for the NRCF system so that the suckling calf could graze nutritious forage throughout the preweaning period. The fall-born calves were allowed to creep-graze winter annuals in the fall and winter and, generally along with the cows, had ample complementary small-grain forage in the spring. The cows and calves on both forage systems were summered from late May through July on native rangeland when it was at peak nutritional value and forage production. The summer annuals were used in the NRCF system for creep grazing by the calves before weaning when the nutritional quality of the native rangeland began to decline in mid-summer.
Heifers were bred to Red Poll sires. Calf crops 2, 3, and 4 were sired by a set of Simmental bulls selected for reasonable birth weights and calf crops 5, 6, and 7 were sired by Simmental sires selected for high weaning and yearling weights. Two bulls per herd were rotated biweekly among the herds to equalize the genetic effects. The 70-to 75-d breeding season was December 10 to February 18 for the NRCF and May 1 to July 10 for the NR system.
Cows were removed from the forage system herds for mortality, failure to calve for two consecutive (Gossypium hirsitum L.) cake at the rate of .9 kg.anima1-l.d-l. The NR system native rangeland was divided into five 44-ha divisions and cow herds were rotated through these divisions to provide uniform use of the forage. Average calving date for the cows on the NR system was March 1 and calves were weaned at about 197 d in mid-September.
On the NRCF system cows rotationally grazed rye and wheat during the flushing period November 1 to 30 and during the 70-d breeding season of December 10 to February 18 if fall precipitation was adequate. The NRCF cows also grazed wheat and(or) rye during March, April, and May. Cows otherwise grazed native rangeland except for intervals when more farmed forages were produced than the calves could consume. During periods when cows were on winter-dormant grass, they were supplemented with .8 kganimal-l&' of 41% CP cottonseed cake and .8 kg.anima1-I&1 of
Calves had full access to wheat and(or) rye from about November 1 to May 15, and to millet, Sudan, or a similar forage from approximately June 15 to weaning. Average calving date for the NRCF system was October 2, with the calves weaned at an average age of 321 d in mid-August.
Forage management on the NRCF system emphasized use of high-quality, farmed forages complementing native rangeland to meet the critical needs of the cow to rebreed promptly, to increase and prolong lactation, and to provide her calf with "green creep" (McIlvain, 1976) . This system was evaluated on two 136-ha area of native rangeland with the associated complementary forage land. Productive varieties of rye and(or) wheat were planted sequentially during late August and September. The small-grain pasture was Bellows et al. (1971) (1 = no difficulty, 2 = manual assistance required, 3 = mechanical puller required, and 4 = major mechanical assistance or Caesarean delivery).
Four age-specific and life-table statistics were calculated following the procedure of Schons et al. (1985) for the original 120 cows assigned to each herd. These were age-specific survivorship (Lx), survival rate (Px j , expected herd life (Ex) , and birth rate (Mx). These were defined and calculated as follows :
1. Age-specific survivorship. The probability at birth of animal surviving to age x, where Lx = (no. alive at age xj/(no. alive at age 0). 2. Age-specific survival rate. The probability, assuming survival to age x, of surviving to age x t 1,
3. Expected herd life. The number of years an animal of age x is expected to remain in the herd, where
4. Age-specific female birth rate. The probability of a cow aged x producing a female calf, where Mx = (no. of female calves produced by cows aged x)/ (no. of cows at beginning of interval x).
Statistical Design and AnaZysis. Data collected included cow weights and reproduction rate. Cow weights were taken at monthly intervals during the early years and at less frequent intervals later in the study. Animals were weighed at about daybreak, before watering. Other data collected included birth dates and weights, calf sex, and calving difficulty. Least squares analysis of variance was conducted using the GLM procedure of SAS (1989) to determine the influence of forage systems, breed type, calf crop, and, where appropriate, calf sex effects on cow weights, reproduction, dystocia scores, length of gestation, and herd demographics. Main effects and interactions were tested with the appropriate Type I11 mean square error terms using herds as replicates rather than animals within herds.
Results
The herd size was originally established t o allow each cow and calf unit on the NR system approximately 7.4 ha ( Table 3 ) . This was near the recommended stocking rate based on previous studies at the Attrition of cows in each of the four herds generally resulted from mortality, failure to calve for two consecutive years, or excessively late calving. Herd sizes gradually declined from the original 30 cows, 15 of each breed type, to from 23 to 26 cows, depending on the herd. Across all years, on average there were 13.5 f 1.2 cows of each breed of dam for each of the two forage systems. By 1987, the NR system had 9.0 ha of native rangeland per cow-calf unit, whereas the NRCF system had 5.4 ha (4.8 ha of native rangeland and .6 ha of annual farmed forages). Across all years, the NR system averaged 8.1 ha of native rangeland for each cow-calf unit and the NRCF system had 5.5 ha, with 4.9 ha of native rangeland and .6 ha of complementary annual forages (Table 3 ) .
Cow Weights. The average weight of all cows at weaning time was 527 & 2 kg. Cow weights were significantly different for the seven calf crops ( P < .01). Cow weight measured at or near time of weaning increased from an average of 483 ?c 7 kg for calf crop 1 to a peak weight of 568 f 8 kg at calf crop 5. Cow weights declined for calf crops 6 and 7 (Figure 1 ) . Cows on the NR system averaged 42 kg lighter than cows on the NRCF system, with average weights of Poll (1981 Poll ( -1988 and Simmental (1982 Simmental ( -1988 506 rt 6 and 548 f 6 kg, respectively. These differences were consistent over all seven calf crops, and the difference between the two forage systems approached or exceeded 50 kg during calf crops 2 through 5. The BH cows were consistently 19 to 36 kg heavier than the AH cows for the various calf crops. Average weight across both forage systems for AH cows was 514 f 3 kg compared with 539 k 3 kg for the BH cows ( P < , 0 1). Angus x Hereford cows averaged 533 f 4 kg on the NRCF system, compared with 495 f 4 kg on the NR system. Brahman x Hereford cows averaged 562 k 4 kg on the NRCF system, compared with 516 f 4 kg on the NR system. In general, NRCF cows were consistently heavier than NR cows, and BH cows were heavier than AH cows on each system (Figure 1) .
The type of forage system had a significant effect on the weights of both cow breeds used in this study. At the start of the study on January 5, 1981, the BH heifers (378 f 4 kg) were 15 kg heavier than the AH heifers (363 f 4 kg). The heifers, averaged across both breeds, on the NR system weighed 377 f 4 kg compared with 365 f 4 kg for heifers on the NRCF system. The cows responded rapidly to the different forage systems with observable differences in weight by early in the first calf crop (Figure 1) . By the end of calf crop 1, NRCF cows averaged 32 kg heavier than the NR cows. Cow weights peaked during the fifth calf crop when the cows were 7 yr old.
Generally, cows nursing male calves were slightly lighter at weaning time. Cows with female calves averaged 529 If: 3 kg, compared with 524 f 3 kg for the cows with male calves. There was a significant breed x calf crop x calf sex interaction ( P < -01) for weights of cows at weaning time. The weights of AH and BH cows across the seven calf crops were not the same for cows with female calves and those cows with male calves. For calf crops 1, 2, 3, and 7, AH cows with female calves were 16 to 34 kg heavier at weaning time. In other years the AH cows with male calves were 9 to 20 kg heavier at weaning. In contrast, BH cows with female calves were approximately 25 kg heavier at weaning for calf crops 4 and 5. For the other calf crops the BH cows with female calves were approximately the same weight as those with male calves at weaning time.
Reproduction. The average reproduction rate meas. ured as calves weaned per cow exposed to the bull for all cows in this study was 88.6 + 1.4% (Table 4 ). The average reproduction rate for AH cows was 90.5 f 1.7%, compared with 86.6 f 1.7% for the BH cows ( P < .13). There were significant differences in the reproductive rates of AH and BH cows between the two forage systems studied ( P > .04). Both breeds had approximately 87 to 89% reproductive success on the NR system. Angus x Hereford cows, however, had 93.9 f 2.5% reproduction on the NRCF system, compared with 84.5 If: 2.5% for the BH cows. There was little or no correlation between percentage of reproduction and either cow weight averaged over her lifetime ( r = -.08, P > .3 1) or the average cow weight at weaning time ( r = -.05, P > .53) for either breed across both forage systems.
Dystocia Scores. Angus x Hereford cows had more difficulty calving than did the BH cows ( P < .05). The AH cows had a calving difficulty rating of 1.14 f .03, compared with 1.04 f .02 for the BH cows. As expected, dystocia scores were different ( P < .01) for successive calf crops. Although the calf crop x forage systems interaction was not significant ( P < .16), the dystocia scores were somewhat higher ( P < .12) for the first-calf heifers in the NR system (1.43 f .06) than for those in the NRCF system (1.16 f .06), even though the NRCF heifers calved approximately 5 mo younger than the NR heifers (Figure 2 ). Average calving difficulty scores for cows with male calves was 1.13 f .03, higher than the 1.06 f .02 for cows with female calves ( P < .05). There was a calf sex x breed interaction for calving difficulty ( P < .01). Angus x Hereford cows with male calves had a score of 1.22 f .07, compared with 1.04 f .03, 1.06 f .03, and 1.05 f .03 for BH cows with male calves and AH and BH cows with female calves, respectively. The birth Calf c r o p Figure 2 . Average calving difficulty rating 1 = no difficulty, 2 = difficulty encountered but manual assistance only was required, 3 ' = difficulty encountered and mechanical puller required, and 4 = extreme difficulty encountered requiring major mechanical assistance or Caesarean delivery) for the native rangeland (NR) and native rangeland-complementary forage (NRCF) systems over the seven calf crops between 1981 and 1988 at the Southern Plains Experimental Range.
weight of AH male calves was 41 f .41, compared with 38 f .37 for male BH calves. The AH and BH female calves had birth weights of 38 f .37 and 36 f .37 kg, respectively.
Interval from Breeding to Parturition. The average number of days from the start of the breeding season to parturition (BPI) was 300 f .07 d for all cows studied over the seven calf crops. The BPI ranged from 284 f 1.7 d for the first calf crop to approximately 300 d for the rest of the study (Figure 3 ) . The significant ( P < .O 1) calf crop x forage system interaction for BPI occurred in calf crops 1 ( P < .02) and 2 ( P < .05) (Figure 3 ) . During the first calf crop, cows on the NR system had a somewhat longer BPI than cows on the NRCF system did. The BPI for each of the forage systems was significantly affected by breed of cow ( P < .02). Average BPI for AH and BH cows on the NR system was 304 f 1.3 and 301 f 1.4, respectively, compared with 295 f 1.4 and 299 k 1.4 d, respectively, for AH and BH cows on the NRCF system. Herd Demographics. There were an average of 12.0 f .2 and 13.2 f .2 of the 15 original AH and 15 original BH females, respectively ( P < .15), across the two replications of both management systems during the study. Attrition of AH cows was more rapid than that of BH cows ( P < .OS) over the seven calf crops (Figure  4 ) . At the end of calf crop 7 there were 9.8 f 1.5 and 11.8 f 1.5 AH and BH cows, respectively, of the original 15 cows of each breed remaining in each herd. There was no difference in age-specific survivorship (Lx) or survival rate ( P x ) between the two forage systems or breed of dam. Age-specific female birth rate (Mx) was significantly higher ( P < .07) for the NRCF system (.47 k .03) than for the NR system (.42 f .03). The Mx for the NRCF was not greatly different from the expected female birth rate of .5. More specifically, the AH cows had the highest Mx, .50 f .04, on the NRCF system. The average expected herd life ( E x ) for cows was similar for both forage systems. Expected herd life declined from 5.8 f .2 after the 1981 calf crop to 1.8 f .1 after the 1987 calf crop year.
Discussion
Land Requirements. In the NRCF system, .6 ha of double-cropped winter and summer annual forages reduced land requirement over the NR system by 40%. The NRCF system more nearly provided year-long green forage for the preweaned calf. However, the complementary forage system required use of fall calving because of the forage growth patterns of the winter and summer annual forages.
Adjustments in the stocking rates for both the NRCF and NR forage systems were a result of herd attrition and limited culling. Replacement cows were not added because drought conditions limited vegetation production during the study, and because the cows grew into animals heavier than those used to develop the stocking rate standard on which the study was based (McIlvain and Shoop, 1965) . During the 8-yr study there was a 22% increase in land resources used in the NR system per cow-calf unit, compared with a 15% increase in land resources for each cow-calf unit in the NRCF system. The 15% increase for the NRCF system was a combination of a 12% increase in the native rangeland and a 20% increase in land used for complementary annual forages. We found few difficulties with fall calving on the NRCF system. Young calves over-wintered on the dry rangeland forage complemented with the winter annuals when available and by sharing the cottonseed meal-grain sorghum supplement fed to their dams.
Cow Weights. Forage systems that produce larger cows must yield more forage and(or) produce forage of higher quality. In this study, both were probably true. The NRCF system was designed to provide nutritious forage for the preweaned calf from birth through weaning. The same forages available to the calf were usually available to the cow, and these added nutrients were reflected in cow weights. In general, BH cows were larger than AH cows, and cows on the NRCF system were heavier than those on the NR system. McCarter et al. (1991) compared mature cow weights for AH and BH cows on native rangeland systems in central Oklahoma. They found Angus x Hereford spring-and fall-calving cows averaged 490 and 468 kg, respectively, compared with 484 and 518 kg for spring-and fall-calving BH cows; thus, there was little difference between spring-calving AH and BH cows on native rangeland, tall grass prairie. In our study, spring-calving AH cows peaked at 522 k 10 kg, compared with 561 f 9 kg for the spring-calving BH cows. Fall-calving AH cows on the NRCF system peaked at 577 k 10 kg and the BH cows peaked at 610 f 9 kg. These cows were 90 to 100 kg heavier than the cows on the central Oklahoma study (McCarter et al., 1991) .
Reproduction. The larger BH cows in this study generally had lower rates of reproduction. The AH cows, which were about 25 kg lighter, had an average reproduction of 90 f 1.8%, compared with a reproduction rate of 87 k 1.8% for the BH cows ( P < .03). McCarter et al. (1991) found that the lifetime calving percentage of cows from Angus dams was higher than that of cows from Hereford dams. This advantage for cows from Angus dams averaged 2.5% for springcalving cows and 8.3% for fall-calving cows. They also found that the lifetime calving percentage tended to decrease as proportion of Brahman breeding increased.
Spring-calving AH cows on native rangeland in central Oklahoma had a calving percentage of 81.2 f 5.696, significantly lower than the 92.6 f 3.2% for BH cows on the same system (McCarter et al., 1991) . Lifetime calving percentage was 72.0 k 5.1 and 60.6 f 3.7% for fall-calving AH and BH cows, respectively. McCarter et al. (1991) concluded that cows with higher proportions of Brahman breeding are less productive under fall-calving conditions in Oklahoma. Bailey (1991) found that both AH and BH cows were outstanding in reproductive life span in temperate climates of Nevada. He found that breed types differed markedly in longevity, ranging from 48.5 to 83.9% survival from birth through eight breeding seasons. The AH and BH cows averaged 7.17 and 7.81 out of a potential of eight matings and weaned 5.98 and 6.96 calves, respectively. In the warmer environments of Nevada, the BH cows had reproductive rates somewhat higher than those of the AH cows.
In our study, AH and BH cows had 86.2 f 2.1% and 88.1 f 3.6% reproductive rate, respectively, on the spring-calving NR systems. The fall-calving AH and BH cows on the NRCF system had 94.4 k 2.5% and 85.5 k 1.6% reproduction, respectively, markedly higher than that reported for fall-calving herds pastured on native rangeland in central Oklahoma. Forage systems did seem to affect the rate of reproduction of the two breed types in this study. The BH cows averaged about 10% lower reproductive rates on the fall-calving NRCF system. This trend was similar to that observed by McCarter et al. (19911, although our BH cows averaged approximately 86% reproduction rate in western Oklahoma, compared with approximately 61% reproductive success for the central Oklahoma study. In our study, fall-calving BH cows were on the more optimal complementary NRCF system, whereas the central Oklahoma study was on a native rangeland system.
Although the BH cows were larger and had a lower rate of reproduction than the AH cows, they calved more easily and had a lower calving difficulty score of 1.04 f .02, compared with 1.14 f .03 for the AH cows. Most of the calving difficulty differences occurred during the first calf crop. Angus x Hereford cows with male calves had the highest calving difficulty scores. These AH male calves were approximately 3 kg heavier at birth than the BH calves and the female AH and BH calves at birth.
The length of the interval between the beginning of breeding season and parturition should be sensitive to stresses caused by forage systems used for the mother cow. Evidently, neither the NRCF nor the NR system was sufficiently stressful to alter this interval significantly. The number of days between the beginning of the breeding season and parturition was shorter for the NRCF system only during calf crops 1 and 2. There were no differences in the length of gestation for the last three calf groups.
Cow Attrition. More of the original 15 BH cows than of the AH cows remained in the herds during the 8-yr study. The AH cows dropped more rapidly form the herds during the early calf crops. Statistically, there were no differences in age-specific survivorship, survival rate, or in average expected herd life for cows on the two forage systems or the two breed types tested in this study. There was compensating factors that mitigated specific differences. For example, AH cows had somewhat higher reproductive performance, whereas BH cows had higher survival rates. Although BH cows were larger than the AH cows they were not as prone to calving difficulties, especially at earlier ages, as were the AH cows.
Implications
The native rangeland and native rangeland-complementary forage systems studied were suitable for both the Angus x Hereford and Brahman x Hereford breed types investigated. Neither production system caused either breed combination to have significantly reduced size, markedly lower birth rates, or excessive mortality. The Angus x Hereford cow, however, is a good choice for the southern mixed-grass prairie used alone or in combination with animal forages produced on associated farm land, particularly if fall calving is preferred. Combining annual complementary forages with native rangeland seems to add resiliency to the forage-livestock production system.
